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Abstract

Background and Objectives: West Nile virus (WNV) infection has a broad clinical spectrum
ranging from asymptomatic or mild disease to severe neuroinvasive forms. Data on hospital-
ized patients with atypical or non-neurological presentations remain limited. Materials and
Methods: We conducted a retrospective multicenter observational study including 30 patients
with laboratory-confirmed WNV infection admitted to internal medicine wards during a
seasonal outbreak in Southern Italy. Clinical characteristics, hematological parameters, and in-
hospital outcomes were analyzed. Results: Median age was 77 years, and 53% of patients were
male. Neurological involvement was observed in 50% of patients, whereas 37% presented
with septic-like manifestations. Overall in-hospital mortality was 43%, and early mortality
within 10 days occurred in 17%. Neurological involvement was significantly more frequent
among non-survivors and was associated with increased in-hospital mortality. Higher mono-
cyte percentages were associated with overall mortality, whereas eosinopenia, leukopenia, and
thrombocytopenia were associated with early mortality in exploratory analyses. Conclusions:
Hospitalized patients with WNV infection may present with heterogeneous clinical pheno-
types extending beyond classical neuroinvasive disease. Neurological involvement appears to
be the main clinical marker of adverse outcome, while selected hematological parameters may
provide preliminary prognostic information. Given the limited sample size and retrospective
design, these findings should be considered hypothesis-generating.

Keywords: West Nile virus; West Nile fever; neuroinvasive disease; atypical presentation;
oligosymptomatic infection; clinical spectrum; disease progression; internal medicine; viral
infection; lymphocytopenia

1. Introduction
West Nile virus (WNV) infection is an emerging mosquito-borne disease caused by an

RNA flavivirus belonging to the Flaviviridae family. Since its introduction into Europe, WNV
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has progressively become a relevant public health concern, particularly in Mediterranean
countries [1] characterized by favorable ecological conditions for viral transmission [2].
Seasonal outbreaks are increasingly reported in Southern Europe, including Italy, where
recurrent epidemic waves have been documented over the last decade [3–6].

The clinical spectrum of WNV infection is remarkably heterogeneous. Approximately
80% of infected individuals remain asymptomatic, whereas nearly 20% develop a self-
limited febrile illness characterized by fatigue, fever, headache, myalgia, arthralgia, or
gastrointestinal symptoms. Less than 1% of infected patients develop neuroinvasive
disease, including meningitis, encephalitis, or acute flaccid paralysis [7,8], which represents
the most severe manifestation of the infection [9,10].

Most available studies on WNV have focused on neuroinvasive disease because of its
substantial morbidity and mortality, while few data are available for patients affected by
WNV without neurological involvement. However, this traditional dichotomous classifica-
tion between mild infection and neuroinvasive disease may not fully reflect the complexity
of real-world clinical presentations observed in hospitalized patients because of the possi-
ble presence of chronic comorbidity that may influence the clinical outcome. In internal
medicine settings, WNV infection may present with atypical or nonspecific manifestations,
including septic-like syndromes, isolated inflammatory abnormalities, mild constitutional
symptoms, or subtle neurological changes that may initially escape recognition [5].

In recent years, increasing evidence has highlighted the role of systemic inflammation
and host response in determining disease severity across several infectious and inflamma-
tory conditions. Routine hematological parameters and composite inflammatory indices de-
rived from peripheral blood counts have emerged as potentially useful potential prognostic
markers in acute diseases, including viral infections and thromboembolic disorders [11,12].

Similarly, during the COVID-19 pandemic, several studies demonstrated associations
between immune dysregulation, hematological abnormalities, frailty, and adverse clinical
outcomes [13–16]. These observations support the hypothesis that host-related inflamma-
tory and immunological factors may contribute substantially to the clinical heterogeneity
observed in WNV infection.

Nevertheless, data regarding laboratory exploratory markers of mortality and disease
progression in hospitalized patients with WNV infection remain limited, especially outside
dedicated neurological cohorts. Furthermore, little is known about the evolution of patients
initially presenting with oligosymptomatic or atypical forms of disease.

The aim of the present study was therefore to describe the real-world clinical spectrum
of WNV infection in hospitalized patients admitted to internal medicine wards during a
localized outbreak in Southern Italy and to explore clinical and hematological variables
associated with short-term mortality and in-hospital outcomes. Given the limited sample
size, the present analyses were considered exploratory and hypothesis-generating.

2. Material and Methods
2.1. Study Design and Population

We conducted a retrospective multicenter observational cohort study including con-
secutive adult patients admitted to internal medicine wards of four hospitals in Southern
Italy during a localized seasonal outbreak of West Nile virus (WNV) infection.

Medical records of patients admitted for fever of unknown origin, suspected infec-
tious disease, or neurological symptoms potentially attributable to viral infection were
systematically reviewed. Eligible patients were identified at the time of hospital admission
and followed throughout their hospitalization.

Inclusion criteria were:
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1. Laboratory-confirmed WNV infection, defined by serological positivity for anti-WNV IgM
and IgG antibodies and/or molecular confirmation by polymerase chain reaction (PCR);

2. Availability of clinical and laboratory data at hospital admission.

Patients with incomplete baseline clinical data or uncertain microbiological diagnosis
were excluded from the analysis.

The study was conducted according to the principles of the Declaration of Helsinki.
Given the retrospective observational design and the use of anonymized clinical data, for-
mal ethics committee approval was not required according to local institutional regulations.

2.2. Clinical Phenotypes

Patients were retrospectively classified according to their clinical presentation at
hospital admission into three predefined phenotypic groups:

• Neurologic phenotype

Defined by the presence of neurological manifestations suggestive of neuroinvasive dis-
ease, including altered mental status, encephalopathy, headache, meningismus, nausea
and vomiting associated with neurological symptoms, axial rigidity, confusion, or focal
neurological signs.

• Septic-like phenotype

Defined by systemic inflammatory manifestations mimicking bacterial sepsis, including
fever, tachypnea, respiratory symptoms, hypotension, or urinary symptoms, in the absence
of predominant neurological involvement at presentation.

• Oligosymptomatic/atypical phenotype

Defined by mild or nonspecific symptoms such as asthenia, low-grade fever, generalized
malaise, or minimal systemic complaints without clear neurologic or septic features.

Phenotype adjudication was performed retrospectively through comprehensive review of
clinical records, admission notes, laboratory findings, imaging studies, and clinical evolution
during hospitalization. Classification was independently performed by two clinicians at each
participating center, and disagreements were resolved by consensus discussion.

Sepsis was defined according to Sepsis-3 criteria as suspected or documented infection
associated with an acute increase of at least two points in the Sequential Organ Failure
Assessment (SOFA) score. Neuroinvasive disease was defined according to established
clinical and laboratory criteria, including neurological manifestations associated with
cerebrospinal fluid abnormalities and/or compatible neuroimaging findings.

2.3. Data Collection

Clinical and laboratory data were collected from electronic medical records using
standardized extraction procedures.

Baseline variables included:

• Demographic characteristics;
• Comorbidities;
• Presenting symptoms;
• Neurological involvement;
• Septic features;
• Previous antithrombotic therapies;
• Hematological and biochemical parameters at admission.

Laboratory variables included complete blood count with leukocyte differential,
platelet count, coagulation parameters, and routine biochemical tests.

The following hematological variables were specifically analyzed:
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• Leukocyte count;
• Neutrophil percentage;
• Lymphocyte percentage;
• Monocyte percentage;
• Eosinophil percentage;
• Basophil percentage;
• Hemoglobin;
• Hematocrit;
• Platelet count.

2.4. Clinical Outcomes and Evolution

Two main outcomes were evaluated:

1. Early mortality. Defined as death occurring within 10 days from hospital admission
for any reason after WNV infection.

2. Overall in-hospital mortality. Defined as death occurring during hospitalization or
within 30 days from admission for any reason after WNV infection.

Cross-tabulation of mortality variables demonstrated complete overlap between cu-
mulative 30-day mortality and in-hospital mortality. Therefore, these variables were unified
into a single overall mortality endpoint.

Secondary outcomes included:

• Progression from oligosymptomatic to neurologic or septic-like phenotype;
• Progression from septic-like to neurologic phenotype;
• Persistence of the initial clinical phenotype;
• Length of hospital stay;
• Intensive care unit admission.

2.5. Laboratory Analysis

For the purpose of the present analysis, only laboratory parameters measured at
hospital admission were considered. Although repeated measurements were available
during hospitalization, no longitudinal or time-dependent analyses were performed due to
the limited sample size and heterogeneity in sampling intervals.

Hematological parameters were measured using automated analyzers routinely em-
ployed at each participating center, according to local standard operating procedures.

2.6. Statistical Analysis

Given the exploratory nature of the study and the limited sample size, no formal sam-
ple size calculation was performed before study initiation. All consecutive eligible patients
admitted during the outbreak period were included.

Continuous variables are reported as median and interquartile range (IQR), whereas
categorical variables are expressed as counts and percentages.

Comparisons between survivors and non-survivors were performed using:

• Mann–Whitney U test for continuous variables;
• Fisher’s exact test for categorical variables.

Receiver operating characteristic (ROC) curve analyses were performed to evaluate
the discriminatory performance of continuous hematological variables for mortality out-
comes. Areas under the curve (AUCs) with 95% confidence intervals were calculated using
bootstrap resampling (1000 repetitions). ROC-derived exploratory cut-off values were
identified using the Youden index.
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Univariate logistic regression analyses were performed to explore associations between
clinical variables and mortality outcomes. Odds ratios (ORs) with 95% confidence intervals
(CIs) were reported. In contingency tables with zero-cell frequencies, Haldane–Anscombe
correction was applied.

Because of the limited number of events (5 deaths at 10 days and 13 overall deaths),
multivariable regression models were not considered reliable according to the events-per-
variable rule. Consequently, all regression analyses were restricted to univariate exploratory
models, and findings should be interpreted as hypothesis-generating.

Variables with more than 50% missing values were excluded a priori from statistical
analyses. No correction for multiple comparisons was applied because of the exploratory
design of the study. Consequently, statistically significant findings should be interpreted
with caution, as the large number of comparisons increases the possibility of false-positive
associations. All statistical analyses were performed using Python version 3.11 (pandas,
SciPy, statsmodels, and scikit-learn libraries). A two-sided p-value < 0.05 was considered
statistically significant.

3. Results
3.1. Baseline Characteristics of the Cohort

A total of 30 patients with laboratory-confirmed West Nile virus infection were included
in the study. Median age was 77 years (IQR 66.5–81.0), and 16 patients (53.3%) were male.
Neurological manifestations at presentation were observed in 15 patients (50.0%), whereas
11 patients (36.7%) presented with a septic-like clinical phenotype. Baseline characteristics of
the overall cohort are summarized in Table 1.

The study population was characterized by substantial comorbidity burden. Heart
failure was present in 63.3% of patients, chronic obstructive pulmonary disease (COPD)
in 23.3%, active or previous cancer in 20.7%, and chronic dialysis treatment in 6.7%. An-
tithrombotic therapy before admission was reported in nearly half of the patients.

Hematological evaluation at admission demonstrated frequent inflammatory and
immunological abnormalities. Median leukocyte count was 7.70 × 109/L (IQR 6.40–10.20),
whereas median lymphocyte percentage was 11.0% (IQR 8.0–13.6). Median platelet count
was 180 × 109/L (IQR 130–224).

Table 1. Baseline characteristics of the overall study population.

Variable Overall Cohort (N = 30)

Demographic characteristics
Age, years 77.0 [66.5–81.0]
Male sex, n (%) 16 (53.3)

Clinical characteristics and comorbidities
Neurological involvement, n (%) 15 (50.0)
Septic-like phenotype, n (%) 11 (36.7)
COPD, n (%) 7 (23.3)
Heart failure, n (%) 19 (63.3)
Dialysis, n (%) 2 (6.7)
Thrombocytopenia, n (%) 3 (10.0)
Satellite lymphangitis, n (%) 4 (13.8)
Cancer, n (%) 6 (20.7)
PT within normal range, n/N (%) 23/27 (85.2)
aPTT within normal range, n/N (%) 25/27 (92.6)
Antithrombotic therapy, n/N (%) 12/26 (46.2)
Antiplatelet therapy, n/N (%) 12/26 (46.2)
Anticoagulant therapy, n/N (%) 6/26 (23.1)

Hematological parameters
Red blood cells, ×1012/L 3.87 [3.65–4.36]
Leukocytes, ×109/L 7.70 [6.40–10.20]
Hemoglobin, g/dL 11.40 [10.30–13.00]
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Table 1. Cont.

Variable Overall Cohort (N = 30)

Hematocrit, % 37.60 [32.60–40.20]
MCV, fL 83.50 [77.10–89.00]
MCH, pg 29.00 [28.00–30.30]
MCHC, g/dL 32.50 [31.03–33.80]
Platelet count, ×109/L 180 [130–224]
Neutrophils, % 78.70 [77.00–81.50]
Lymphocytes, % 11.00 [8.00–13.60]
Monocytes, % 4.50 [3.00–7.60]
Basophils, % 0.07 [0.00–0.12]
Eosinophils, % 0.10 [0.00–0.30]

Legend: Continuous variables are reported as median and interquartile range (IQR). Categorical variables are
reported as absolute counts and percentages. COPD: chronic obstructive pulmonary disease; PT: prothrombin
time; aPTT: activated partial thromboplastin time; MCV: mean corpuscular volume; MCH: mean corpuscular
hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

3.2. Mortality Outcomes

Early mortality within 10 days occurred in 5 patients (16.7%), whereas overall in-
hospital mortality occurred in 13 patients (43.3%).

Cross-tabulation of mortality variables demonstrated that cumulative 30-day mortality
completely overlapped with in-hospital mortality. Therefore, these variables were analyzed
as a unified endpoint representing total mortality.

3.3. Factors Associated with Early Mortality

Comparisons between survivors and patients who died within 10 days are summa-
rized in Table 2.

Patients who experienced early mortality showed significantly lower leukocyte counts
at admission compared with survivors (5.50 vs. 7.85 × 109/L; p = 0.037). Eosinophil counts
were also markedly lower among non-survivors, with eosinopenia strongly associated with
early mortality (p = 0.007).

Chronic dialysis treatment was more frequent among patients who died within 10 days
(40% vs. 0%; p = 0.023). Similarly, abnormal activated partial thromboplastin time (aPTT)
values were more commonly observed in early non-survivors (40% vs. 0%; p = 0.028).
Thrombocytopenia also showed a strong association with early mortality, although the
number of events was limited.

No significant associations were observed for age, sex, COPD, heart failure, cancer, or
previous antithrombotic therapies.

Table 2. Comparison between survivors and non-survivors at 10 days.

Variable Survivors (n = 25) Non-Survivors (n = 5) p-Value

Demographic characteristics
Age, years 78.0 [68.0–82.0] 72.0 [64.0–79.0] 0.358
Male sex, n (%) 13 (52) 3 (60) 1.000

Clinical characteristics and comorbidities
Neurological involvement, n (%) 11 (44) 4 (80) 0.330
Septic-like phenotype, n (%) 10 (40) 1 (20) 0.626
COPD, n (%) 7 (28) 0 (0) 0.304
Heart failure, n (%) 15 (60) 4 (80) 0.626
Dialysis, n (%) 0 (0) 2 (40) 0.023
Thrombocytopenia, n (%) 1 (4) 2 (40) 0.064
PT within normal range, n/N (%) 19/22 (86) 4/5 (80) 1.000
aPTT within normal range, n/N (%) 22/22 (100) 3/5 (60) 0.028
Antithrombotic therapy, n/N (%) 10/21 (48) 2/5 (40) 1.000
Antiplatelet therapy, n/N (%) 11/21 (52) 1/5 (20) 0.330
Anticoagulant therapy, n/N (%) 4/21 (19) 2/5 (40) 0.558
Satellite lymphangitis, n (%) 3/24 (12) 1/5 (20) 0.553
Cancer, n (%) 5/24 (21) 1/5 (20) 1.000
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Table 2. Cont.

Variable Survivors (n = 25) Non-Survivors (n = 5) p-Value

Hematological parameters
Red blood cells, ×1012/L 4.04 [3.73–4.40] 3.83 [3.65–3.96] 0.377
Leukocytes, ×109/L 7.85 [6.85–10.49] 5.50 [4.39–6.40] 0.037
Hemoglobin, g/dL 11.65 [10.65–13.20] 10.30 [9.80–11.90] 0.185
Hematocrit, % 38.20 [34.38–40.50] 32.60 [31.00–35.00] 0.134
MCV, fL 82.00 [77.07–89.53] 85.10 [85.00–88.50] 0.519
MCH, pg 29.00 [27.75–30.07] 30.10 [28.00–31.10] 0.290
MCHC, g/dL 32.10 [31.01–33.65] 33.79 [33.23–34.00] 0.262
Platelet count, ×109/L 180 [137.50–225.25] 165 [98.00–182.00] 0.236
Neutrophils, % 78.85 [76.58–82.25] 78.00 [77.00–79.20] 0.496
Lymphocytes, % 11.00 [7.00–14.20] 11.00 [11.00–11.90] 0.563
Monocytes, % 4.00 [2.75–7.60] 7.10 [4.50–11.00] 0.117
Basophils, % 0.10 [0.01–0.20] 0.00 [0.00–0.03] 0.116
Eosinophils, % 0.10 [0.10–0.30] 0.00 [0.00–0.00] 0.007

Legend: Continuous variables are reported as median and interquartile range (IQR) and were compared using
the Mann–Whitney U test. Categorical variables are expressed as absolute counts and percentages and were
compared using Fisher’s exact test. COPD: chronic obstructive pulmonary disease; PT: prothrombin time; aPTT:
activated partial thromboplastin time; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin;
MCHC: mean corpuscular hemoglobin concentration. Statistically significant p-values are reported in bold.

3.4. Factors Associated with Overall In-Hospital Mortality

Comparisons between survivors and patients who died during hospitalization are
reported in Table 3.

Neurological involvement was significantly more frequent among patients who died
compared with survivors (77% vs. 29%; p = 0.025). Monocyte percentages were also
significantly higher in non-survivors (7.1% vs. 3.9%; p = 0.018). When patients were
stratified according to the presence or absence of neurological involvement, in-hospital
mortality was 66.7% among patients with neurological manifestations (10/15) compared
with 20.0% among those without neurological involvement (3/15). This difference was
statistically significant (p = 0.025), supporting the role of neurological presentation as the
main clinical marker of adverse outcome in this cohort.

Although eosinophil counts tended to be lower among patients who died, the differ-
ence did not reach statistical significance (p = 0.073).

No statistically significant differences were observed for age, leukocyte count, platelet
count, hemoglobin levels, COPD, heart failure, cancer, or previous antithrombotic therapy.

Age was not significantly associated with overall in-hospital mortality (75 vs. 79 years;
p = 0.154).

Table 3. Comparison between survivors and non-survivors for overall in-hospital mortality.

Variable Survivors (n = 17) Non-Survivors (n = 13) p-Value

Demographic characteristics
Age, years 79.0 [68.0–84.0] 75.0 [64.0–79.0] 0.154
Male sex, n (%) 8 (47) 8 (62) 0.484

Clinical characteristics and comorbidities
Neurological involvement, n (%) 5 (29) 10 (77) 0.025
Septic-like phenotype, n (%) 8 (47) 3 (23) 0.259
COPD, n (%) 4 (24) 3 (23) 1.000
Heart failure, n (%) 11 (65) 8 (62) 1.000
Dialysis, n (%) 0 (0) 2 (15) 0.179
Thrombocytopenia, n (%) 1 (6) 2 (15) 0.565
PT within normal range, n/N (%) 12/14 (86) 11/13 (85) 1.000
aPTT within normal range, n/N (%) 14/14 (100) 11/13 (85) 0.222
Antithrombotic therapy, n/N (%) 5/14 (36) 7/12 (58) 0.431
Antiplatelet therapy, n/N (%) 6/14 (43) 6/12 (50) 1.000
Anticoagulant therapy, n/N (%) 3/14 (21) 3/12 (25) 1.000
Satellite lymphangitis, n (%) 1/16 (6) 3/13 (23) 0.299
Cancer, n (%) 4/16 (25) 2/13 (15) 0.663
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Table 3. Cont.

Variable Survivors (n = 17) Non-Survivors (n = 13) p-Value

Hematological parameters
Red blood cells, ×1012/L 4.05 [3.62–4.40] 3.83 [3.65–4.25] 0.765
Leukocytes, ×109/L 7.37 [6.65–10.21] 7.80 [5.50–9.60] 0.983
Hemoglobin, g/dL 11.65 [10.50–13.00] 11.00 [10.30–13.00] 0.643
Hematocrit, % 38.20 [33.28–39.42] 35.00 [32.60–40.20] 0.870
MCV, fL 79.00 [76.75–89.53] 84.00 [82.00–88.50] 0.355
MCH, pg 28.50 [26.38–30.12] 30.00 [28.00–30.30] 0.172
MCHC, g/dL 32.09 [30.50–33.84] 32.50 [31.43–33.79] 0.724
Platelet count, ×109/L 180 [140.50–228.50] 165 [124.00–201.00] 0.583
Neutrophils, % 79.20 [76.55–83.25] 78.70 [77.00–80.40] 0.723
Lymphocytes, % 10.00 [6.95–16.50] 11.00 [10.00–12.40] 0.785
Monocytes, % 3.90 [2.00–4.50] 7.10 [4.50–10.00] 0.018
Basophils, % 0.07 [0.02–0.18] 0.05 [0.00–0.10] 0.536
Eosinophils, % 0.30 [0.08–0.30] 0.05 [0.00–0.10] 0.073

Legend: Continuous variables are reported as median and interquartile range (IQR) and were compared using
the Mann–Whitney U test. Categorical variables are expressed as absolute counts and percentages and were
compared using Fisher’s exact test. COPD: chronic obstructive pulmonary disease; PT: prothrombin time; aPTT:
activated partial thromboplastin time; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin;
MCHC: mean corpuscular hemoglobin concentration. Statistically significant p-values are reported in bold.

3.5. ROC Curve Analyses

ROC analyses were performed to evaluate the discriminatory performance of baseline
hematological variables for mortality outcomes. For 10-day mortality, eosinophil count
showed the highest apparent discriminatory performance, with an AUC of 0.96 (95% CI
0.87–1.00). However, given the very limited number of events and the presence of miss-
ing eosinophil values, this estimate should be interpreted with considerable caution and
regarded as an exploratory finding. The ROC-derived cut-off corresponded to complete
eosinopenia, yielding 100% sensitivity and 92% specificity in this dataset. This threshold
should be considered exploratory only and should not be interpreted as a clinically applica-
ble cut-off. Leukocyte count also showed good discriminatory performance, with an AUC
of 0.80 (95% CI 0.55–0.96).

For overall in-hospital mortality, monocyte percentage showed the highest discrimina-
tory performance, with an AUC of 0.78 (95% CI 0.59–0.96). Eosinophil count also showed
relatively good discrimination for overall mortality, with an AUC of 0.76. A graphical
summary of the main ROC findings is shown in Figure 1. Detailed ROC analyses are
reported in Supplementary Tables S1 and S2, while representative ROC curves are provided
in Supplementary Figures S1 and S2.

Figure 1. Summary of ROC curve analyses for hematological variables associated with mortality outcomes.
Legend: Summary of area under the curve (AUC) values for continuous hematological variables evaluated
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as exploratory markers of 10-day mortality and overall in-hospital mortality in hospitalized patients
with West Nile virus infection. Variables with AUC ≥ 0.75 showed the highest apparent discrimina-
tory performance within this exploratory cohort. Eosinophil count showed the highest predictive
accuracy for early mortality, whereas monocyte percentage demonstrated the best performance for
overall mortality. The dashed horizontal line represents the reference value for random discrimination
(AUC = 0.50). The corresponding ROC-derived exploratory cut-off values for each parameter are
reported in Supplementary Tables S1 and S2.

3.6. Univariate Logistic Regression Analyses

Exploratory univariate logistic regression analyses were performed to evaluate clinical
and laboratory variables associated with mortality outcomes. Thrombocytopenia was
significantly associated with mortality within 10 days, whereas lower leukocyte count
showed a non-significant trend toward increased early mortality.

For overall in-hospital mortality, neurological involvement emerged as the strongest
clinical exploratory marker of death. Patients with neurological manifestations had ap-
proximately eight-fold higher odds of in-hospital mortality compared with those without
neurological involvement. Higher monocyte percentages were also significantly associated
with overall mortality.

Given the exploratory nature of the study and the limited number of events, these
findings should be interpreted with caution. Detailed univariate logistic regression models
are reported in Supplementary Tables S3 and S4.

4. Discussion
In the present multicenter observational study, we evaluated the clinical spectrum

and exploratory mortality markers of hospitalized patients with West Nile virus infection
admitted to internal medicine wards during a localized outbreak in Southern Italy. Our
findings confirm the marked heterogeneity of WNV clinical presentation and suggest
that selected clinical and hematological parameters may provide preliminary hypothesis-
generating information in hospitalized patients.

A first relevant observation emerging from our cohort is the high frequency of non-
classical presentations. Although neuroinvasive disease remains the most recognized
manifestation of severe WNV infection, a substantial proportion of patients in our co-
hort initially presented with septic-like or oligosymptomatic phenotypes. These findings
reinforce the concept that WNV infection should not be viewed exclusively as a neuro-
logical disease but rather as a systemic viral condition characterized by heterogeneous
inflammatory and immunological responses. This aspect is particularly relevant in inter-
nal medicine settings, where patients frequently present with nonspecific symptoms and
multiple comorbidities that may complicate early diagnosis [4–9].

The overall mortality observed in our cohort was relatively high, with 43% of patients
dying during hospitalization. While for inpatients with encephalitis the increased mortality
rate is expected per se, for inpatients with different clinical presentation the increased
mortality rate seems to be related to the complexity of clinical scenario. This finding, in fact,
likely reflects the advanced age and clinical complexity of hospitalized patients rather than
the intrinsic lethality of WNV infection itself. Indeed, our study population included frail
elderly individuals with a high prevalence of cardiovascular disease, chronic comorbidities,
and neurological involvement. In this context, recent evidence has also emphasized that
severe WNV infection may be associated with cardiovascular involvement, including
myocardial injury, myocarditis, arrhythmias, and hemodynamic instability, particularly
in patients with severe systemic or neuroinvasive disease. This aspect may be clinically
relevant in older hospitalized patients with pre-existing cardiovascular comorbidities and
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may contribute to adverse outcomes [9]. Previous studies have consistently shown that
advanced age and neuroinvasive disease represent the main determinants of poor outcomes
in WNV infection [10,17].

One of the most robust findings of the present study was the association between
neurological involvement and overall mortality. Patients presenting with neurological man-
ifestations showed an approximately eight-fold increased risk of in-hospital death. This ob-
servation is coherent with the established literature regarding neuroinvasive WNV disease,
which is associated with substantial mortality and long-term neurological sequelae [9,10].
Neurological manifestations likely reflect both direct viral neurotropism [18] and severe
systemic inflammatory activation [19]. Furthermore, neurological impairment may con-
tribute indirectly to adverse outcomes through respiratory complications, aspiration risk,
prolonged immobilization, and increased susceptibility to secondary infections.

Besides the lymphocytopenia commonly observed in viral infections, including WNV
infection, other hematological parameters may also have prognostic value and contribute
to the heterogeneous clinical manifestations of the disease [20]. In our cohort, higher
monocyte percentages were associated with increased overall mortality and showed rel-
atively good discriminatory performance in ROC analyses. Monocytes play a central
role in the innate immune response [21], cytokine activation during viral infections [22],
endothelial dysfunction [23], and neuroinflammation with subsequent tissue damage in
severe viral diseases [11–15,24]. Although monocyte-related indices have been extensively
investigated in thromboembolic and inflammatory conditions, including acute pulmonary
embolism [25], evidence in WNV infection remains limited. Therefore, our findings identify
a potentially relevant area for future investigation.

Another interesting observation concerns eosinophil depletion. Complete eosinopenia
demonstrated remarkably high discriminatory performance for early mortality, with an
AUC approaching 1.0. However, this apparently excellent discriminatory performance
should be interpreted with extreme caution. Given the small number of mortality events, the
presence of missing eosinophil data, and the exploratory nature of the analyses, the observed
AUC may reflect overfitting or sampling variability rather than true predictive performance.
Similar findings have been described in bacterial sepsis and severe viral infections, including
COVID-19, where eosinopenia has been interpreted as a marker of acute systemic stress
and immune dysregulation. However, caution is required in interpreting this result because
eosinophil values were unavailable in a substantial proportion of patients.

Lower leukocyte counts were also associated with early mortality. Leukopenia and
lymphocyte alterations are well-recognized laboratory features of WNV infection and
may reflect direct viral effects on immune regulation or bone marrow response. Similar
associations between leukocyte abnormalities and adverse outcomes have been reported in
other systemic viral infections [13–15].

Thrombocytopenia emerged as another variable [26] associated with early mortality.
Although the confidence intervals were extremely wide because of the small number of
events, the direction of the association is biologically plausible. Platelet consumption and
coagulation abnormalities frequently occur during severe inflammatory and infectious
conditions and may reflect systemic endothelial activation and disease severity [14].

The present study has several important limitations. First, the sample size was very
small, with only 30 patients and a limited number of mortality events. Consequently, statis-
tical power was low, confidence intervals were wide, and multivariable regression analyses
were not considered reliable according to standard events-per-variable recommendations.
All associations should therefore be interpreted as exploratory and hypothesis-generating.

Second, several laboratory variables, particularly eosinophils and basophils, showed
substantial missing data, potentially introducing selection bias and limiting the robustness
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of the ROC analyses. In addition, because numerous hematological variables were explored
without correction for multiple comparisons, some statistically significant findings may
represent chance associations.

Fourth, the retrospective design inherently limits causal inference and may introduce
information bias. Important markers of disease severity, including SOFA score, Glasgow
Coma Scale, frailty indices, and longitudinal laboratory trends, were not consistently
available. Furthermore, no survival analysis could be performed because exact time-to-
event data were unavailable.

An additional limitation is that WNV testing was not systematically performed in
all hospitalized patients during the outbreak period. Consequently, undiagnosed WNV
infections may have been missed, potentially introducing selection bias. Furthermore,
only patients admitted to Internal Medicine wards were included in this study. Patients
managed exclusively in Neurology or those admitted directly to the Intensive Care Unit
without subsequent transfer to Internal Medicine were not represented. Therefore, the
present cohort may not fully reflect the entire spectrum of hospitalized WNV infection,
particularly the most severe neurological or critical care presentations.

Despite these limitations, the study also presents several strengths. We analyzed a real-
world multicenter cohort of hospitalized patients managed in internal medicine settings rather
than highly selected neurological units. This approach allowed us to capture the broader and
more heterogeneous clinical spectrum of WNV infection, including atypical and oligosymp-
tomatic forms that are frequently underrepresented in the literature. Given the small sample
size, the present results should not be interpreted as definitive prognostic models. Rather, they
provide preliminary clinical signals that may help generate hypotheses for larger prospective
studies focused on risk stratification in hospitalized patients with WNV infection.

Overall, our findings support the concept that WNV infection is a dynamic and
heterogeneous systemic disease extending beyond classical neuroinvasive presentations.
Neurological involvement appears strongly associated with mortality, while selected hema-
tological parameters may provide additional prognostic information. Larger prospective
studies are needed to validate these exploratory observations and to better define clinically
useful risk stratification models in hospitalized patients with WNV infection.

5. Conclusions
West Nile virus infection in hospitalized patients is characterized by a broad and

heterogeneous clinical spectrum extending beyond classical neuroinvasive disease. In
our multicenter cohort, neurological involvement was strongly associated with increased
in-hospital mortality and appeared to be the main clinical marker of severe disease.

Selected hematological parameters, including higher monocyte percentage, eosinopenia,
leukopenia, and thrombocytopenia, showed exploratory associations with adverse outcomes
and may reflect systemic inflammatory and immune dysregulation during infection.

Given the small sample size, missing data, and retrospective design, these findings
should be interpreted with caution and considered hypothesis-generating. Larger prospec-
tive studies are required to validate clinically useful risk stratification models in hospital-
ized patients with WNV infection.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/medicina62071364/s1. Figure S1: ROC curves of hematological
variables associated with 10-day mortality; Figure S2: ROC curves of hematological variables associ-
ated with overall in-hospital mortality; Table S1: Receiver operating characteristic (ROC) analysis for
10-day mortality; Table S2: Receiver operating characteristic (ROC) analysis for overall in-hospital
mortality; Table S3: Univariate logistic regression analyses for 10-day mortality; Table S4: Univariate
logistic regression analyses for overall in-hospital mortality.
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Emerging West Nile virus infections in Türkiye. Eur. J. Clin. Microbiol. Infect. Dis. 2025, 44, 1659–1666. [CrossRef] [PubMed]

4. Petersen, L.R.; Brault, A.C.; Nasci, R.S. West Nile virus: Review of the literature. JAMA 2013, 310, 308–315. [CrossRef] [PubMed]
5. Gallo, R.; De Rosa, R.C.; Durante-Mangoni, E. From vectors to victims: Understanding the threat of West Nile virus infection. Eur.

J. Intern. Med. 2025, 139, 106449. [CrossRef] [PubMed]
6. Najafi, S.; Jojani, M.; Najafi, K.; Costanzo, V.; Vicidomini, C.; Roviello, G.N. West Nile Virus: Epidemiology, Surveillance, and

Prophylaxis with a Comparative Insight from Italy and Iran. Vaccines 2026, 14, 57. [CrossRef] [PubMed]
7. Sejvar, J.J.; Haddad, M.B.; Tierney, B.C.; Campbell, G.L.; Marfin, A.A.; Van Gerpen, J.A.; Fleischauer, A.; Leis, A.A.; Stokic,

D.S.; Petersen, L.R. Neurologic manifestations and outcome of West Nile virus infection. JAMA 2003, 290, 511–515. [CrossRef]
[PubMed]

8. Leis, A.A.; Stokic, D.S. Neuromuscular manifestations of West Nile virus infection. Front. Neurol. 2012, 3, 37. [CrossRef] [PubMed]
9. Tetaj, N.; Bocci, M.G.; Capecchi, G.; Lesci, A.; Rubino, D.; Sabatini, V.; Taloni, G.; Mattiucci, E.; Ascoli, T.; Maffongelli, G.; et al.

West Nile virus neuroinvasive disease and cardiac involvement in critically ill patients in central Italy: A case series. Front. Med.
2026, 13, 1792053. [CrossRef] [PubMed]

10. Hart, J., Jr.; Tillman, G.; Kraut, M.A.; Chiang, H.S.; Strain, J.F.; Li, Y.; Agrawal, A.G.; Jester, P.; Gnann, J.W., Jr.; Whitley, R.J.; et al.
West Nile virus neuroinvasive disease: Neurological manifestations and prospective longitudinal outcomes. BMC Infect. Dis.
2014, 14, 248. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62071364

https://doi.org/10.3390/microorganisms12122623
https://www.ncbi.nlm.nih.gov/pubmed/39770826
https://doi.org/10.1111/1469-0691.12211
https://www.ncbi.nlm.nih.gov/pubmed/23594175
https://doi.org/10.1007/s10096-025-05135-3
https://www.ncbi.nlm.nih.gov/pubmed/40293623
https://doi.org/10.1001/jama.2013.8042
https://www.ncbi.nlm.nih.gov/pubmed/23860989
https://doi.org/10.1016/j.ejim.2025.106449
https://www.ncbi.nlm.nih.gov/pubmed/40774869
https://doi.org/10.3390/vaccines14010057
https://www.ncbi.nlm.nih.gov/pubmed/41600973
https://doi.org/10.1001/jama.290.4.511
https://www.ncbi.nlm.nih.gov/pubmed/12876094
https://doi.org/10.3389/fneur.2012.00037
https://www.ncbi.nlm.nih.gov/pubmed/22461779
https://doi.org/10.3389/fmed.2026.1792053
https://www.ncbi.nlm.nih.gov/pubmed/41907271
https://doi.org/10.1186/1471-2334-14-248
https://www.ncbi.nlm.nih.gov/pubmed/24884681
https://doi.org/10.3390/medicina62071364


Medicina 2026, 62, 1364 13 of 13

11. Li, R.; Shen, S.; Jiang, J.; Liu, Y. Prognostic Value of Neutrophil/Lymphocyte Ratio for Pulmonary Embolism: A Meta-Analysis
and External Validation. Ann. Vasc. Surg. 2024, 105, 48–59. [CrossRef]

12. Mora, D.; Mateo, J.; Nieto, J.A.; Bikdeli, B.; Yamashita, Y.; Barco, S.; Jimenez, D.; Demelo-Rodriguez, P.; Rosa, V.; Yoo, H.H.B.; et al.
Machine learning to predict major bleeding during anticoagulation for venous thromboembolism: Possibilities and limitations.
Br. J. Haematol. 2023, 201, 971–981. [CrossRef] [PubMed]

13. Siniscalchi, C.; Ticinesi, A.; Guerra, A.; Parise, A.; Cerundolo, N.; Prati, B.; Simoni, R.; Porro, E.; Meschi, T. The prognostic value of
Clinical Frailty Scale in COVID-19 pneumonia across different pandemic phases: A comparison between the first and the fourth
wave. Front. Med. 2025, 12, 1549444. [CrossRef] [PubMed]

14. Siniscalchi, C.; Di Micco, P.; Guerra, A.; Simoni, R.; Magro, J.; Parise, A.; Cerundolo, N.; Imbalzano, E.; Tana, C.; Finardi, L.;
et al. Platelet count and clinical outcomes in hospitalized patients with COVID-19 pneumonia. Front. Med. 2025, 12, 1614447.
[CrossRef] [PubMed]

15. Siniscalchi, C.; Guerra, A.; Cerundolo, N.; Di Micco, P.; Tana, C.; Prati, B.; Parise, A.; Nouvenne, A.; Meschi, T. Enduring
insights from sex differences in COVID-19: A retrospective post hoc analysis from a large Italian patient cohort. Front. Med. 2026,
13, 1764966. [CrossRef] [PubMed]

16. Cardillo, G.; Siniscalchi, C.; Coppola, M.G.; Imbalzano, E.; Nasti, R.; Di Micco, P. Utility of blood biomarkers in inpatients with
West Nile virus infection: An exploratory study. Front. Med. 2026, 13, 1783007. [CrossRef] [PubMed]

17. Murray, K.; Baraniuk, S.; Resnick, M.; Arafat, R.; Kilborn, C.; Cain, K.; Shallenberger, R.; York, T.L.; Martinez, D.; Hellums, J.S.;
et al. Risk factors for encephalitis and death from West Nile virus infection. Epidemiol. Infect. 2006, 134, 1325–1332. [CrossRef]
[PubMed]

18. Winkelmann, E.R.; Luo, H.; Wang, T. West Nile Virus Infection in the Central Nervous System. F1000Research 2016, 5, F1000
Faculty Rev-105. [CrossRef] [PubMed]

19. Klein, R.S.; Garber, C.; Funk, K.E.; Salimi, H.; Soung, A.; Kanmogne, M.; Manivasagam, S.; Agner, S.; Cain, M. Neuroinflammation
During RNA Viral Infections. Annu. Rev. Immunol. 2019, 37, 73–95. [CrossRef] [PubMed]
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